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ABSTRACT

Mid-infrared laser emission in ammonia is usually observed on a P(J + 2)
transition when a CO2 laser is used to optically pump a near resonant R(J)
absorption feature. However by generating simultaneous FIR ammonia laser

enission in the same cptical cavity, mid-infrared emission is obtained ex-

clusively on the P(J) transition.
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A new pattern of mid-infrared laser emission has been observed in the
optically pumped NH3 laser. Laser emission on the conventicnal 12.8 um NH-
laser transition,! optically pumped by the 9R16 CO2 line, has been completely
quenched and replarced by emission at 12.2 um.

Figure 1 presents an enerqgy i1evel diagram for NH3 and the relevant
rotationa) states for optically pumping the aR(6,0) NHj transition with the
9R16 CO» laser line. Recently there have been reports in the literaturec,3
?f ?ddiggonal NH3 laser transitions observed at 12.08 um (sP(7,0)) and 12.2 um

aP(6,0)).

We have demonstrated the necessity of simultaneous FIR laser oscilla-
tion to produce laser action on the 12.2 um transition. Several optical
cavity configurations were used to study the laser process. In the simplest
arrangement the CUy laser pump is injected into the ammonia cavity through a
small hole in the entrance mirror. Ammonia emission is coupled out through
this same opening or through a hole in the rear mirror. Both mirrors are
mounted internally at the ends of a copper or stainless steel tube.

Figure 2 11lustrates the pressure and threshold-time behavior of the
12.2 um and 12.8 um NH3 laser transitions. For these measuremerits a Lumonics
(Model 103) TEA laser with an cutput energy of 250 mJ on 9R16 was used.
Figure 2a shows the CO, laser pulse shape (200 nsec/div). As shown in Figure
2b, &t low pressures (0.3 torrg, both the 12.2 ym and 12.8 um ammonia laser
transitions were present. The intensity ratic {12.2/12.8), of the lines was
0.01. At low pressures, the total pulse duraticn for the 12.2 ym 1ine was
2 psec and ! psec for relative intensity of the twn lines chianged to 0.5, and
the duratior of the 12.8 um 1ine was reduced to 200nsec, while the 12.2 um
pulse duration remained about 2 ycec For pressures greate than 1 torr, up
to the highest NH3 pressure (30 torr) where laser emission was observed, only
the 12.2 um 1ine was observed. Figure 2d shows the 12.2 um pulse shape at
1.3 and 10 torr.

A 12.5 mm thick KC) Brewster angle window was inserted between one of
the cavity mirrors and the NH3 laser cavity. It was now found that only the
12.8 um NH3 transition appeared regardiess of pressure or buffer gas
(He or N,) used. KC! does not transmit infrared radiation at wavelc..gths
longer tﬁan 30 um. NH3 FIR laser emission wavelengths 5r3 in the ran?e of
70 - 150 um for optical pumping with the 9R16 CO, 1ine°»*. Hence, blocking
the intracavity FIR laser emission has led to the elimination of the 12.2 um
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mid-infrared laser transition.

In an ammonia laser cavity which used a Littrow grating as a dichroic
beamsplitter for the CO2 and ammonia lasers, we have obtained several milli-
joules of 12.2 ym emission. In these studies the 12.2 wm emission was not
coincident with the gain switched 9R16 CO laser pulse. Instead it over-
lapped the Nz-tail portion of the CO, laser pulse (Figure 3a). FIR emission
(Figure 3b), however, followed both the gain switched peak and Nj-tail por-
tions of the CO, laser. This temporal behavior of the 12.2 um emission is
not understood at this time and may be related to excessive pump power broad-
ening of the gaind.

Figure 4 presents a schematic set cf energy levelc relevant tc the
proposed laser mechanism. v_ corresponds to the CO, pump laser frequency, v
is tne mid-infrared NHj emis8ion frequency, and the intermediate FIR steps
are denoted as vfy and vr,. The Brewstor angle window experiment demonstrates
that at least one of the IR trancitions is radiative. Collisional processes
may contribute to gopu]ation transfer intc level 2 in Figure 5. A density
matrix calculation® for the four wave, four level ammonia sysiem indicates
that emission at | will take place near line center and in the 2absence of a
popuiation inversion for levels 1 and 2.
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